Abstract. Asteroseismological analysis of the Whole Earth Telescope observations of the prototype variable DB white dwarf GD358 indicates a possible composition interface at a depth of about 10 −6 M , which has usually been assumed to be the He/C transition zone. Such a small He layer is in contradiction with canonical evolution theory. Recently Montgomery & Winget (2000) proposed that the transition zone is in fact the transition between the isotopes 3 He and 4 He, which are separated by the same sedimentation process separating hydrogen and helium in the DA white dwarfs. Therefore, the visible surface helium should be 3 He. We have tested this hypothesis spectroscopically on another variable DB using the known relative isotopic shifts of up to 0.5Å. The spectra are consistent with a pure 4 He atmosphere, making a 3 He/ 4 He interface a very unlikely explanation for the mode spectrum of GD358.
Introduction
Variability in white dwarfs is due to non-radial pulsations, in many cases with many different modes simultaneously present, as identified by the indices of the spherical harmonics l, m, k describing the distribution of amplitudes on the stellar surface and the radial node number in the interior.
The interpretation of observed modes and comparison with theoretical predictions has -under the name of asteroseismology -in the past decade become one of the most important tools to study the stellar interior and evolution, and after the exceptional case of our sun the white dwarfs have been the area of the most spectacular successes. Long and uninterrupted observing runs of at least 10 to 14 days are necessary to identify the many modes present. The main reason is the requirement to resolve almost degenerate modes split into triplets, quintuplets etc., by slow rotation or magnetic fields. This has led to the creation of the "Whole Earth Telescope" or WET (Nather et al. 1990; Winget et al. 1991) , a network of observatories around the world joining for an observing campaign.
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The comparison of the periods of identified modes with theoretical models allows us in principle to determine stellar parameters like mass, luminosity, rotation, and magnetic fields with very high accuracy. A special feature of the g-modes observed in white dwarfs (as opposed to p-modes in the sun) is the high sensitivity to the structure of the outer, non-degenerate layers. This is very fortunate, since this structure has been a matter of debate and controversy in the white dwarf community for almost 20 years. It is generally accepted that gravitational separation leads to an "onion shell" structure, with carbon/oxygen interior in most white dwarfs, surrounded by a helium shell and an outermost hydrogen shell (in the case of spectral type DA). Currently the balance seems again to be in favor of "thick layers", with about 10 −2 M for the He and 10 −4 M for the H shells, although some problems arguing e.g. for smaller H masses still exist. In the case of DB white dwarfs -with pure He atmospheres -the outer hydrogen layer has been completely lost, most likely during a late thermal pulse, and He as the next lightest element is floating on top.
These masses are the typical predictions of what we will call canonical stellar evolution calculations in this paper. By this we mean calculations like those of Iben & Tutukov (1984) and Koester & Schoenberner (1986) which include nuclear burning and mass loss during the final evolution from AGB to white dwarf, but no diffusion. The basic physical reason for these layer thicknesses is the extinction of shell-burning when the overlying layer is not heavy enough anymore to support the required temperature for H or He burning. Even including diffusion in a simplified approximation Iben & MacDonald (1985) did not find a significant reduction in H layer thickness. All these calculations are relevant for DA white dwarfs, with a remaining hydrogen layer. There is as yet no completely consistent explanation for the DB white dwarfs, which agrees with all observational constraints, although Liebert et al. (1987) and many papers since have discussed the general ideas of diffusion and convective mixing in this context. Nevertheless, because of the general physics argument above, it is expected that the helium mass should be close to 10 −2 of the total mass. The variable DB or DBV stars are one of the three known groups of variable white dwarfs, with the prototype GD358. Its observation by the Whole Earth Telescope in May 1990 is one of the most spectacular WET successes, with the identification of more than 100 oscillation modes Bradley & Winget 1994) . From a comparison of identified modes with theoretical pulsation models an accurate mass of 0.61 M , a luminosity, differential rotation, and a weak magnetic field were deduced. One of the unexpected results was the determination of the thickness of the outer He layer of 10 −5.7 of the stellar mass.
The physical reason this structure can be determined is that the interfaces between layers with different chemical compositions act as boundaries defining a cavity. If the wavelength of a mode is near a resonance with the size of such a cavity, the regular period spacing between modes of successive radial node number k is perturbed.
GD358 was observed again by a WET campaign in May 1994, which showed remarkable differences in the power spectra compared to the 1990 campaign, and even during the observing run, which are not yet understood (Nather 1995) . Metcalfe et al. (2000) , using the same 1990 data as Bradley & Winget (1994) but a different fit method based on a genetic algorithm found in a first analysis that also models with "thick" He layers of the order of 10 −2 of the stellar mass -in agreement with theoretical expectations -could fit the data. Kawaler et al. (1999) have also questioned the conclusion on the differential rotation by demonstrating that a faster spinning core can explain the frequency splitting as well as a faster spinning outer envelope. It is therefore likely that the conclusions concerning the outer structure and layer thickness may have to be revised in the future. Nevertheless it is quite interesting to search for physical processes which could produce a chemical interface at a mass depth of 10 −6 . Dehner & Kawaler (1995) demonstrated that with some assumptions the inclusion of time-dependent diffusion can produce a model similar to that used by Bradley & Winget (1994) to explain the GD358 WET results and suggested an evolutionary connection to the hot pulsating pre-white dwarf PG1159 stars. Their models, however, did not have any hydrogen and thus would remain DB stars during their passage through the DB gap between 45 000 and 28 000 K, contrary to observations. A completely different proposal to solve the puzzle was presented by Montgomery & Winget (2000) . Basically this proposal takes gravitational separation seriously and to a consequence apparently overlooked until now: if no counteracting mechanism is at work, the separation should also work for the two isotopes of helium, with the lighter 3 He on top of 4 He. Estimates for typical isotopic abundance ratios predict a 3 He/ 4 He interface at a depth of about 10 −6 stellar masses, which would have the same effect on pulsation modes as the previously assumed He/C interface, and the claim made is that this interface is the reason for the mode spectrum of GD358. Montgomery et al. (2001) discuss consequences and problems of this hypothesis and derive theoretical frequency spectra for such models, which give slightly improved fits to the observations. From theoretical evolution calculations it is not expected that such an amount of 3 He could survive until the white dwarf stage. Galli et al. (1995) argue that in every stellar evolution from the main sequence in which hydrogen core burning is completed the remaining 3 He abundance should be vanishingly small. Thus, if the helium that is observed on the surface of the DBs is in fact that resulting from core hydrogen burning in the progenitor, no 3 He would be expected. However, as long as there is no consistent theory of the origin of the DBs we can hardly claim to understand the origin or composition of the helium layer. In such a case the best method to proceed is not theoretical speculation but a straightforward empirical test.
Fortunately this is possible since the spectral lines of 3 He are shifted relative to those of 4 He by different amounts of up to 0.5Å (Table 1, after Fred et al. 1951 ). The table lists four lines in the blue and four in the red part of the spectrum; each quartet has two triplet lines with small and two singlet lines with larger isotopic shift. Since the stellar space velocity cannot be determined independently, this relative isotopic shift is the only way to determine isotope abundances; with relative shifts of about 0.5Å in the red the effect should be easily measurable on high resolution high S/N spectra.
The direct test of the gravitational settling hypothesis would be the spectroscopy of GD358 itself. However, this northern object was not accessible to us with a large telescope and high-resolution spectrograph. We have therefore selected the brightest variable DB on the southern sky -EC 20058−5234 (Koen et al. 1995 ) -as our target. This assumes that the variable DBs form a homogenous group and that results on the chemical composition of one group member should be applicable to all.
Observations and data reduction
We have observed five stars with the Kueyen (UT2 • 9, the main sequence B star BD −13
• 4937 in the open cluster NGC6611, and the extreme helium star LS IV+6
• 2. The spectra were taken with the UV-Visual Echelle Spectrograph (UVES). This instrument provides high-resolution spectroscopy in the range from about 3000 to 11 000Å. We have selected the DICHROIC1 mode of UVES with the central wavelengths 3900Å and 6500Å to observe the blue and red parts of the spectra simultaneously. With a slit width of 0. 7, a resolution of 55 000 in the blue and 60 000 in the red is obtained.
The blue arm of UVES is equipped with one EEV CCD detector of 2048×3000 pixel resolution; the red arm with a mosaic of one EEV and one MIT-LL detector, each with 2048×4096 pixels. The CCDs were read out in fast readout mode with low gain and 1×1 binning. Table 2 contains an overview of the observations. The exposure times were chosen to obtain signal-to-noise ratios of about 50 in the continuum. Long exposures were split into smaller exposures of one hour. A wavelength calibration with a ThAr lamp was carried out after each exposure. For each detector, five bias and lamp flatfield images were obtained at the end of the night.
The data have been reduced with routines of the 'echelle' package within IRAF. The bias and flatfield images were averaged, and each science exposure has been corrected with these images. The individual echelle orders of the object spectra and the associated ThAr calibrations have been extracted with the same parameter settings. A wavelength solution has been established with the use of the ThAr line atlas provided by the ESO homepage. The root mean square deviation between our solution and the catalog wavelengths is 0.01Å. After calibrating the wavelengths, individual spectra of the same object have been averaged. Finally, all echelle orders were rebinned on a common wavelength scale with ∆λ = 0.02Å and were merged into single spectra. In Fig. 1 we present the observations of the four red He I lines, which are the most important lines for our analysis.
We have tested the wavelength calibration using the O 2 (≈6870-6910Å) and H 2 O (≈7230-7290Å) lines of the earth's atmosphere, which are visible in the red part of the spectra. The observed wavelengths have been measured by fitting Voigt profiles to the lines in the spectra of EC 20058−5234 and L 204-118. The theoretical values have been obtained from the HITRAN2000 database of molecular wavelengths (Rothman et al. 1998 ). The vacuum wavelengths from this database have been transfered into air wavelengths using the formula given by Cowley et al. (2000) .
The wavelengths of the H 2 O lines deviate on average by 0.005Å in both observations; the root mean square deviation is 0.012Å. For the O 2 lines, the deviations go more or less in the same direction with an average of 0.021Å and an rms of 0.022Å. We conclude from these comparisons that the wavelength calibration is correct within 0.02Å. This agrees with the binning of the final spectra.
Analysis
We started the analysis by fitting Voigt profiles to the line cores to measure the wavelengths of the observed He I lines. This method was successful for the variable DB EC 20058−5234 and for the comparison stars LS IV+6
• 2 and LS IV+10
• 9. The non-variable DB L 204-118 exhibits asymmetrical line profiles which prevent the use of simple profiles. The main sequence B star BD −13
• 4937 has rotationally broadened lines which do not allow accurate measurements.
In order to compare the observed wavelengths to the laboratory values we have also measured the latter from a model spectrum. This procedure takes into account small asymmetries and shifts from the Stark broadening of the He lines as well as the fact that the lines usually consist of several discrete components which cannot be separated at our resolution. It ensures that the same method is used to determine observed and theoretical wavelengths.
As already explained in the introduction the observed wavelengths cannot be directly compared to the laboratory values because of the unknown space velocity of the objects. This adds a shift ∆λ = (v/c)λ (with the velocity of light c) to each line. Because these shifts depend on λ for a constant space velocity v it is also not straightforward to compare the wavelength differences between pairs of lines. The most direct method is to calculate space velocities from each line and test whether the result is compatible with a constant value for either 3 He or 4 He. He. For a description of our methods to calculate theoretical atmospheres and synthetic spectra we refer to the paper of Finley et al. (1997) .
The velocity shifts have been measured from each helium line separately. The model spectra have been fitted to the observation at two regions near the respective line. The χ 2 values for several velocity shifts have been calculated from a small region near the line center, including typically N ≈ 100 wavelength bins. From the χ 2 values, the best fitting velocity and a 1σ error have been calculated. We have quadratically added an additional uncertainty of 0.02Å to account for systematic errors of the wavelength calibration. Table 4 shows the results for EC 20058−5234 with a model atmosphere of T eff = 24 000 K, log g = 8.0, and pure 3 He and 4 He compositions, respectively. In addition to the four lines in the red part of the spectrum, the four most prominent blue lines are also added.
The four red lines have velocities similar to the values determined using Voigt profiles. The deviations are of the order of 1 km s −1 and demonstrate the typical uncertainty of the profile fitting process. Nevertheless, the velocities derived from the red lines and a pure 4 He atmosphere are very similar. The blue lines show somewhat larger deviations; apparently the agreement between the model lines and the complex observed profiles is less satisfactory than in the red part of the spectrum. The strongest deviations, however, are not correlated with the largest expected isotope shifts.
The overall agreement of the velocities from different lines is destroyed if a pure 3 He atmosphere is used as reference. This can be very convincingly seen from the lines at 6678Å and 7281Å, which have the strongest isotope shifts. Therefore, an atmosphere consisting only of 3 He can be ruled out. 
